Introduction
Many national, international, and regional assessments of undiscovered oil and natural gas have often presented their primary results as aggregate estimates of volumes of resources that are recoverable using current technology but without reference to specific economic costs. The determination of economic cost is, however, very much dependent on the size distribution of the "packages" in which the producible resource occurs.
To the economist or policy analyst the most useful way to convey the potential commercial value of the undiscovered resource volume is to characterize the undiscovered accumulations by the size frequency distribution. Not only is commercial value commonly determined by size, that is, the volume of recoverable resources in a postulated accumulation, but the size also affects how quickly and economically oil and gas accumulations are discovered. In recent years the size frequency distribution paradigm has become the standard way to characterize the undiscovered oil and gas resources, so that the assessment requires the geologist to explicitly choose parameters for the probability distribution for the sizes of undiscovered accumulations.
The purpose of this report is to present a computational scheme for obtaining a binned size frequency distribution of undiscovered accumulations when the undiscovered accumulation size distribution is a shifted truncated lognormal distribution. First, the analytical form of the shifted truncated lognormal distribution is presented. Then the computational scheme to calculate the binned undiscovered accumulation-size frequency distribution and the associated volume of contained resources is described. Programs to calculate this binned distribution are presented in two forms, a Fortran 1 program and a Microsoft Excel® workbook. An additional Microsoft Excel® Workbook is included to calculate the similar cell-size distribution for assessments of continuous resources.
Shifted Truncated Lognormal Accumulation-Size Distribution
The shifted, right-truncated lognormal distribution used to model undiscovered accumulation sizes (figure 1) has a probability density function given by:
where F(T) is the cumulative probability evaluated at the truncation point. The random variable X = ln(Y -γ) is normally distributed with mean µ X and standard deviation σ X . In figure 1 , the shift parameter,γ, is the distance that the generic lognormal distribution which starts at zero is shifted right. To take advantage of the normal distribution for computations µ X and σ X must be calculated from parameters of the shifted truncated lognormal distribution. Following Aitchison and Brown (1957) , then X , where f50 is ln ( 50 ) f
the median of the accumulation size distribution and
, where f001 is the maximum accumulation size specified by the assessment geologist and the shift parameter, γ, is the minimum accumulation size specified by the geologist and the denominator of the expression for σ X is the inverse normal probability function. It is assumed that 1 -F -1 (f001) = 0.001, where F -1 (.) is the inverse of the cumulative probability. The mean and variance of the truncated distribution can be obtained by numerical integration. Three sizes, namely f100 (minimum), f50 (median), and f001 (maximum) are used to obtain the normal distribution that correspond to the un-truncated lognormal distribution. as well as minimum, mode, median, and mean values (from Klett and Charpentier, 2003) .
In recent oil and gas assessments prepared by the U. S. Geological Survey (USGS), the assessment geologists have been required to pick the minimum, median, and maximum sizes thought to describe the distribution of undiscovered accumulations. The right tail of the lognormal distribution is asymptotic to the horizontal axis, representing accumulation size. The finite maximum accumulation size specified by the geologist, or truncation point, was associated with the value at the 99.9 percentile of the parent lognormal distribution.
Size Frequency Distribution and Expected Volume of Resources in Undiscovered Accumulations
Size class probabilities were calculated using the estimated parameters (µ X and σ X ) in the cumulative normal distribution (in log space) that corresponded to the lognormal distribution for sizes in real space. The shifted truncated lognormal is transformed into a two parameter truncated lognormal by subtracting the minimum size value from the median and maximum accumulation values. In particular the value of the mean of the corresponding normal distribution in log space is the (natural) log of the median of this two-parameter lognormal distribution. The standard deviation of the corresponding normal is computed using the natural log of the distribution value at the 99.9 percentile and the natural log of the value at the median of the two parameter distribution as shown above.
The assessment geologists estimate a distribution for the number of undiscovered accumulations, conditional on the occurrence of at least one undiscovered accumulation of a defined minimum size. The mean of the conditional distribution for the number of undiscovered accumulations is risked by multiplying it by the play probability, defined as the occurrence probability of at least one undiscovered accumulation of the minimum size. The accumulation-size frequencies are computed as the product of the class probabilities and the risked expected number of undiscovered accumulations.
The expected volume of oil or gas in undiscovered accumulations can be computed as the product of the (risked) expected number of undiscovered accumulations and the expected value of the size distribution of undiscovered accumulations. Although the expected value of the untruncated distribution can be calculated analytically, the expected value of the shifted truncated lognormal distribution had to be done by numerical integration. The numerical integration algorithm was checked for accuracy by comparing results of selected cases with results obtained using the Maple V® (Waterloo Maple, 1998) mathematical analysis software package. Computations in Maple V® are carried out in integer arithmetic and thus minimize round-off and truncation error.
The standard size-bin classifications are given in Appendices 1 and 2. The accumulationsize classification in Appendix 1 is for conventional accumulations. The cell-size classification in Appendix 2 is for assessment of continuous (unconventional) resources using the cell-based method. The Fortran version of the algorithm was originally summarized in Attanasi, Schuenemeyer, and Charpentier (2000) .
Using the Fortran Program
Compile the Fortran program. Call the program with the compiled program name. The program default setting is the USGS accumulation size categories. The program will ask the user whether the distribution is of oil or gas accumulations. Then the program will require the user to enter the mean number of accumulations and the play probability. Computational results are provided as a size frequency distribution and the expected total volume of the primary product contained in the accumulation-size frequency distribution. 
Example of input query, with program queries in bold letters

Example of output
Using the Microsoft Excel Programs Workbook lognormal.xls
This workbook is appropriate for use with conventional accumulations. The USGS methodology using these distributions for assessing conventional accumulations can be found in Klett (2000a, 2000b) and Klett, Schmoker, and Charpentier (2003) .
All cells colored yellow are user-input cells. Units are in millions of barrels for liquids and billions of cubic feet for gas. On the Input worksheet, these specify whether the accumulations are oil or gas, the size distribution of undiscovered accumulations (minimum, median, and maximum), and the number of undiscovered accumulations. This number can be the mean number of undiscovered accumulations or any fractile of the distribution for number of accumulations. Also on the Input worksheet is an input cell (K14) specifying a cutoff value for a separate calculation of number of accumulations larger than that size. After entering the input, the user should click the Fit Distribution button to perform the calculations.
The number of accumulations larger than the cutoff size is given on the Input worksheet in cell K16. The rest of the output is given on worksheet Size Classes. The bins are specified and the frequencies of undiscovered accumulations are given in column G. The mean size of undiscovered accumulations is given in cell D25. Column F allows the user to specify the number of discovered accumulations in each bin. Discovered and undiscovered accumulations are plotted as a stacked bar chart.
Workbook lognormal_EUR.xls
This workbook is appropriate for use with continuous accumulations. The USGS methodology using these distributions for assessing continuous accumulations can be found in Klett and Charpentier (2003) and Klett and Schmoker (2003) .
Again all cells colored yellow are user-input cells. Units are in millions of barrels for liquids and billions of cubic feet for gas. On the Input worksheet, these specify whether the cells are oil or gas and the size distribution of cells (minimum, median, and maximum) based on estimated ultimate recovery (EUR). No numbers of cells are input and the calculations on worksheet Size Classes are relative frequencies only. Also on the Input worksheet is an input cell (K14) specifying a cutoff value for a separate calculation of percent of cells larger than that size. After entering the input, the user should click the Fit Distribution button to perform the calculations.
The number of cells larger than the cutoff size is given on the Input worksheet in cell K16. The rest of the output is given on worksheet Size Classes. The bins are specified and the relative frequencies of cells are given in column F. The mean size of the cells is given in cell D25. Cellsize frequencies are plotted as a bar chart. ,096 -8,192 24,576 -49,152 19 8,192 -16,384 49,152 -98,304 20 16,384 -32,768 98,304 -196,608 21 32,768 -65,536 196,608 -393,216 22 65,536 -131,072 393,216 -786,432 23 131,072 -262,144 786,432 -1,572,864 Accumulations that are exactly one of the boundary sizes belong to the higher class. For example, an accumulation of exactly 1 million barrels is in class 6. Cells that are exactly one of the boundary sizes belong to the higher class. For example, a cell of exactly 1 million barrels is in class 9. In order to apply the class size scale index, which was originally developed for conventional oil and non-associated gas accumulations, to well EUR values, size classes smaller than class one were defined. The two successively smaller size classes are denoted with indices 0 and -1. go to 99 3 if(y-.5d0)5,6,7 6 yormp = dz go to 99 5 dq = y go to 10 7 dq = de -y 10 ncyl = 0 c c *** obtains a first approximation. c det = dsqrt(-2.d0*log(dq)) dxn = det-((.010328d0*det+.802853d0)*det+2.515517d0)/(((.001308d0 1*det+.189269d0)*det+1.432788d0)*det + de ) if(y-.5d0)12,12,13 12 dxn = -dxn 13 dpn = yormx(dxn) der = dpn -y if(abs(der/y) -1.d-11) 14,14,15 15 ncyl = ncyl +1 if (ncyl-20) 17,17,14 
